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The magnitude of the work function to bring an electron from a metal into the exclusion zone
water layer making hydrophilic contact with the metallic interface is theoretically computed. The
agreement with recent experimental measurements is satisfactory.
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I. INTRODUCTION
When bulk water is in contact with a hydrophilic
metallic interface, the water shows an exclusion zone or-
dered water layer that repels large objects such as col-
loidal particles and even heavy ions but can carry extra
semi-conducting electrons[1, 2]. The exclusion zone layer
of perhaps as thick as hundreds of microns may be consid-
ered to be an ordered phase of water. Exclusion zone lay-
ers are sensitive to electromagnetic radiation[3] at least
when in contact with hydrophilic organic substrates. The
same should hold true for metals. While there are many
works on the water-metal interface without considera-
tions of the layer of exclusion zone water, the understand-
ing how electromagnetic radiation with a metallic surface
immersed in water remains incomplete[4–11].
The situation changed when experiments[12] were per-
formed yielding data on the work function required to
bring an electron from the metal into the water. Our
purpose is to theoretically explain the magnitude of the
work function required to bring an electron from a metal
into the exclusion zone water layer making hydrophilic
contact with the metallic interface The agreement be-
tween theory and experimental data is satisfactory.
II. POLAR WATER MOLECULE
Water molecules in the ideal vapor phase have a static
polarizability[13] of the form
αT = α∞ +
µ2
3kBT
,
α∞ ≈ 1.494× 10−24 cm3,
µ ≈ 1.855× 10−18 Gauss cm3. (1)
The value of the dipole moment is often incorrectly asso-
ciated with a thermal mean dipole moment but this must
thought through more carefully since in virtue of tum-
bling motions the thermal dipole moment is null. The
polarizability is given in ideal gas statistical thermody-
namics
pn = e
(F−En)/kBT ,
αT = −1
3
∑
nm
[
pn − pm
En − Em
]
|dnm|2 , (2)
wherein pn is the probability of the molecule being in
state |n〉 and dnm are the electric dipole matrix elements.
Define the restricted double sum∑
nm
=
∑
nm
restricted by |En − Em|  kBT. (3)
Eqs.(1) and (2) imply
µ2 =
∑
nm
pn |dnm|2 ≡ |d|2 <
〈
|d|2
〉
. (4)
with the inequality applying in virtue of the finite but
small value of α∞. Eq.(4) defines the experimental elec-
tric dipole moment µ of a single water molecule given that
〈d〉 = 0 due to parity and/or time reversal symmetry.
III. EXCLUSION ZONE WATER
Metal surfaces tend to be hydrophilic. Water is a liquid
ferroelectric[14]. The mean polarization
P(r) =
〈∑
k
dkδ(r− rk)
〉
(5)
is the order parameter for ferroelectricity in water. The
water layer adjacent to the metal is thereby ordered with
a structure in the polarization P characteristic of a fer-
roelectric boundary. The ferroelectric order is illustrated
below in FIG. 1. Large objects of micron length scales are
excluded from the ordered layer since such objects would
destroy the polarization which would require a positive
free energy to destroy ferroelectrcity[15, 16]. Also ex-
cluded in the ordered water layer are positive ions and
some other effectively large charged objects.
What does exists in the ordered exclusion zone water
layer are extra electrons described in chemical terms as
OH−. Some protons H+ get absorbed into the metal
leaving behind a net negatively charged exclusion zone
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2FIG. 1: Shown in a schematic fashion is the up-down ordering
of the dipole moment per unit volume P near a boundary
of a liquid ferroelectric[16]. This is the ordered structure of
the exclusion zone hydrophilic layer near a liquid ferroelectric
water metallic interface.
TABLE I: Work Functions into the Vacuum and into Water
Metal Wvacuum Wwater
Pt 5.5 eV 2.1 eV
Au 5.2 eV 2.3 eV
Cu 4.7 eV 2.1 eV
Experimental determinations[12] of the work Wvacuum required to
move an electron from the metal into the vacuum and the work
Wwater required to move an electron from the metal into the
exclusion zone layer of the water.
layer. But other extra protons yield a positive charge
beyond the water metal interface exist above the bound-
ary of the exclusion zone layer perhaps a few hundred
microns away from the metal water interface. The neg-
ative charged region which is the exclusion zone layer
increases with the incidence of electromagnetic radiation
wherein a battery voltage exists between the positively
and negatively charged regions within water.
IV. WORK FUNCTIONS
Experimental determinations were discussed[12] for
the work required to move an electron from the metal
into the vacuum Wvacuum and from the metal into the
exclusion zone layer of water. Wwater. These measure-
ments have been listed in TABLE I.
To remove an electron from an isolated water molecule
requires an energy of ϕ0 ≈ 12.6 eV. To remove an elec-
tron from an isolated water molecule that is initially
in the first excited state of an isolated water molecule
requires an energy of ϕ1 ≈ 10.2 eV. The difference
φ = ϕ0 − ϕ1 is thereby φ ≈ 2.4 eV. As a first approxi-
mation, the work function to bring an electron from the
metal into a ferroelectric ordered layer of water is
Wwater ≈ φ ≈ 2.4 eV. (6)
This work function is in qualitative agreement with data
listed in TABLE I. The ordered polarized state of water
has molecules which are in a coherent superposition of
these two states[17] with matrix elements of the dipole
moment d10 which may be taken to be a real dipole vec-
tor. The state |0〉 is in an electronic s state forming a
scalar while the first excited state |1〉 is in an electronic p
state which is thereby triply energy degenerate forming
an electric dipole vector. This dipole vector may coher-
ently rotate within an ordered fluid domain.
V. CONCLUSION
Our purpose was to theoretically explain the magni-
tude of the work function required to bring an electron
from a metal into the exclusion zone water layer mak-
ing hydrophilic contact with the metallic interface. Un-
der the assumption of quantum coherent polarization or-
dered domains[14, 17] in the exclusion zone layer, the
agreement between theory and experimental data is sat-
isfactory.
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